We report a facile new route for the synthesis of self-crosslinked anion exchange membranes (AEM) without the need for any crosslinkers or catalysts. The soluble copolymers bearing flexible side chains, with alkene pendant groups, were synthesized via the Menshutkin reaction. The crosslinked derivatives were then prepared by the thermal crosslinking of the unsaturated side chains during the membrane formation process. 1 H NMR was used to determine the content of available alkene groups before crosslinking, while in situ FTIR spectroscopy was used to confirm successful thermal crosslinking. This approach, distinct from the use of classical post-crosslinking processes, installs ionic cross-links (bearing trimethyl quaternary ammonium hydroxide functionality) between the polymer chains. This is to mitigate against excessive water uptakes and dimensional swelling on hydration (extremely low swelling ratio of 2.5% in-plane and 1.2% through-plane 30 o C), while retaining a high concentration of charge carriers (ion-exchange capacity) for target hydroxide conductivities. Additionally, the self-crosslinking strategy, and resulting dense crosslinked network, has the additional advantage of protecting the quaternary
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H NMR was used to determine the content of available alkene groups before crosslinking, while in situ FTIR spectroscopy was used to confirm successful thermal crosslinking. This approach, distinct from the use of classical post-crosslinking processes, installs ionic cross-links (bearing trimethyl quaternary ammonium hydroxide functionality) between the polymer chains. This is to mitigate against excessive water uptakes and dimensional swelling on hydration (extremely low swelling ratio of 2.5% in-plane and 1.2% through-plane 30 o C), while retaining a high concentration of charge carriers (ion-exchange capacity) for target hydroxide conductivities. Additionally, the self-crosslinking strategy, and resulting dense crosslinked network, has the additional advantage of protecting the quaternary ammonium groups from hydroxide ions attack. The strategy produced an AEM that yielded a peak power density of 42 mW cm -2 in a H2/O2 fuel cell at 60 o C.
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1.Introduction
Alkaline anion exchange membrane fuel cells (AAEMFCs) have received growing interest in recent years relative to acidic proton exchange membrane fuel cells (PEMFCs) stemming from the perceived improvements in the kinetics of the oxygen reduction at high pH and facilitated use of non-precious metal catalysts.
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As a critical component in AAEMFCs, an anion exchange membrane （AEM） often exhibit lower conductivities compared to the acidic analogues, proton exchange membranes (PEM), due to the intrinsically lower mobility of hydroxide ions compared to protons. 
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Increasing the ionic density of the side chains significantly enhances the polarity difference between the hydrophobic polymer backbones and the hydrophilic side chains, resulting in the formation of an ionic cluster morphology.
However, materials with such high ionic contents generally suffer from undesirable, excessive water uptakes and dimensional swellings on hydration in water, unless new strategies are introduced to mitigate against this effect. Inspired by the in situ crosslinking strategy, we report a facile new route for self-crosslinked AEMs that does not require the use of crosslinkers or catalysts.
Unsaturated side chains were attached onto aromatic backbones via the Menshutkin reaction and then in situ crosslinked during the membrane formation step via a thermal-only treatment. This approach incorporates crosslinks, bearing quaternary ammonium cations, between the polymer chains in order to mitigate against excessive water swelling and to enable the high ion contents required to provide favorable hydroxide conductivity. The effect of crosslinking on properties such as water swelling, ionic conductivity, membrane morphology, durability to alkali, and H2/O2 fuel cell performance is presented and discussed. 
2.Experimental

Materials
Synthesis of soluble BPPO-DMAEMA copolymer
Soluble BPPO-DMAEMA copolymers were synthesized using the Menshutkin 
2.X. Synthesis of crosslinked AEMs
To fabricate crosslinked membranes, the purified BPPO-DMAEMA copolymer 
Characterizations
The structures of the starting BPPO and the BPPO-DMAEMA copolymer were characterized using Gravimetric water uptakes (WU) and the dimensional swelling ratio (in-plane and through-plane) were determined by measuring weight, length, and thickness changes (of the OH -form AEMs) before and after hydration. A sample of the membrane (4 cm in length and 1 cm in width) was immersed in deionized water at a controlled temperature for 24 h. The hydrated sample was then wiped with tissue paper (to remove excess surface water) and its mass and thickness were quickly measured.
HOW WERE MEMBRANES DEHYDRATED? WU and dimensional swelling ratio were calculated as follows:
wet dry dry
Through plane dimensional swelling ratio(%) 100% (T T ) / T
where Wwet and Wdry were the mass of hydrated and dry AEM sample, Twet and Tdry were the thicknesses of the same sample when hydrated and dehydrated, respectively, and lwet and ldry were the lengths of the sample when hydrated and dehydrated, respectively.
The OH and controlled at a relative humidity of RH = 100% (calculated from the dew point temperatures of the gases and the cell temperature of 60 °C). It should be noted that copolymers bearing flexible, functional side chains lead to the more facile formation of highly ordered morphologies with nano-phase separation (between the rigid main chains and flexible side chains). AFM analysis demonstrates that phase separation has occurred during the formation of the membranes in this study. The AFM phase image of BPPO-DMAEMA-40 (Fig. 4a) suggests that the quaternized unsaturated side chains form continuous hydrophilic channels (dark domains) in the hydrophobic main chain phase (light domains). Distinct nano-phase separation morphologies also were observed in the crosslinked AEMs (BPPO-DMAEMA-80 and BPPO-DMAEMA-100 in Fig. 4b and 4c ), which suggests that the self-crosslinking process does not depress the degree of phase separation in the resulting AEMs. Considering that crosslinking happens between the side chains, it is possible to conclude that the crosslinked AEMs possess a much denser distribution of ion transport channels (illustrated in Fig. 4d ), which looks promising considering our aim of producing AEMs with depressed water swelling (even at relative high temperatures). To see if this is the case, the effect of crosslinking on AEM properties such as IEC, water uptakes, dimensional swelling ratio, hydroxide conductivity, and alkaline stability was studied (see below). Charged functional groups, which attract water molecules, play an important role in the construction of hydrophilic environments that support ion transport. Hence, increasing the ionic content (commonly measured as IEC) is a common strategy for the improvement of ion transport within an ion-conducting membrane. However, this strategy often leads to excessive membrane swelling on hydration (with high IECs).
Results and discussion
Investigation of the crosslinking process
IEC, Water uptake and swelling ratio of crosslinked membranes
The aim of this study is to use self-crosslinking (of the ionic side chains) to construct dense hydrophilic networks to depress water swelling in the AEMs even if they possess high IECs. This gives a preliminary indication of the level of ex situ alkaline stability of BPPO-DMA-100. Longer term testing (along with more in depth studies including in situ stabilities) is, however, required as future work to further study the long term stabilities. , shows a poor chemical compatibility with the crosslinked AEM leading to the high contact resistances and poor MEA lamination observed. Further effort is to be made in the future to improve the fuel cell performance by developing suitable alkaline ionomers and via the optimization of the testing conditions.
Fuel cell related performance
Conclusion
In summary, self-crosslinked AEMs were prepared by a novel, facile route without the needs of additional crosslinkers or catalysts. NMP soluble copolymers, bearing flexible side chains with alkene pendant groups, were initially synthesized and these were then thermally crosslinked during the membrane formation step. The 
